HB Ho. lAm 




NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

-.. v*t^ a.j,> „ . _ . 



WARTIME REPORT 



EFFECT OF GEiBGEES m A3LEBCH BIQOIBa GR 1HB STICE TCORCSS 
OF A HIQB-SPKED FSQBTBB AIRPLAIE 
E|7 Haxxj X* Mnxraj emd S. Ams Warren 

Langley MBowirlal ABrcnantloal Labamtcaegr 
Lagoglegr Field, 7a. 



NACA WARTIME REPORTS are reprints of papers originally Issued to provide r^ild distribution of 
advance research results to an authorized group requiring them tor the war effort. They were pre- 
viously held under a security status but are now unclaasl^d. Some of these reports were not tech- 
nically edited. All have been reproduced without change In order to expedite general distribution. 



ORIGlKALLy ISSUED 
Bestrloted Bnlletln IhXLl 




WASHINGTON 



L - 289 



3 1176 01354 2569 



NACA RB No. lltEll MMPHfe 

NATIONAL ADVISORY COHUITTBE FOR AERONAUTICS 



HE3TRI0 TED .BULLETIN ■ 



BFFSCTS OF CHANGES IN AILERON RIGGINa ON THE STICK FORCES 
OF A HIGH-SPEED FIGHOSR AIRPLANE 
By Harx^ E. Murray and S« Anne Warren 



SUUMAR7 



The effects of changes In aileron rigging between 
2° up and 2° down on the stick forces were determined 
from wind-tunnel data for a finite-apan wing model. These 
effects were investigated for ailerons deflecting equally 
in both directions and linearly with stick deflection. 
Data were analyzed for a Frise, a sealed internally 
balanced, and a beveled- traillng-edge aileron. The 
results of the analysis showed that only ailerons having 
linear hinge-moment characteristics are unaffected by 
changes in rigging and indicated that ailerons having 
decidedly nonlinear hlnge-moment-cdsff Iclont curves, 
particularly for deflections near 0*^, are very sensitive 
to changes in rigging. 



INTRODUCTION 



For certain types of aileron, changes in rigging 
are known to have a pronounced effect on the stlok-force 
characterlstlos. In order to investigate the effect of 
changes in rigging on stick-force characteristics, data 
have been analyzed for three types of balanced aileron - 
Frlse, Internally balanced, and beveled trailing edge. 
These ailerons were tested on a rigid, finite-span wing 
model and the data are directly comparable since the 
same test setup was used for the three ailerons. 

The stick-force characteristics were estimated for 
the ailerons installed on a high-speed fighter airplane 
having the following characteristics t 
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Wing loading, pounds per square foot 40 

Span, feet 40 

Aspect ratio ', 7.3 

Taper ratio 0.42 

Aileron root-mean-square chord, feet 1.563 

Aileron span, feet 9.4 

Aileron chord, percent wing chord 20 

Slope of section lift curvd, per degree 0.103 

Maxlmm aileron deflection, degrees ±12 

Maximum stick deflection, degrees ±22 

Stick length, feet 2.00 

The aileron was located hetwean 50.9 and 98.0 percent of 
the semlspan. It should he emphasized that only the effect 
of changes In rigging Is considered and that other factors 
may have important effects on the stick-force charac- 
teristics of any of the ailerons Investigated. 



S'XMBOLS AND PARAIISTERS 
Fg stick force, pounds 

ph/2v helix angle of airplane In roll, radian 
V]^ Indicated airspeed, miles per hour 
6 aileron deflection, degrees 

aileron hinge-moment coefficient 



Cj' rolling-moment coefficient; referred to wind 

(qis) 

.c wing chord at any spanwlse station 

Cg^ aileron chord measured along airfoil chord line 

o"a root-mean-square chord of aileron 

a angle of attack, degrees 

Cl lift coefficient 

trail Ing-edge angle, degrees 
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H hinge moment 

q dynamlo pre satire 

L lift 

S area of wing, sqiaare feet 

13 wing span 

hg^ aileron span 



RESULTS AND DISCUSSION 



The effect of angle of rig on the position of the 
ailerons relative to the wing with stick neutral Is shown 
In figure 1. The Investigation of the effect of changes 
In rigging on stick force Is based on the hlnge-moment- 
coefflclent c\irves shown In flgttrefl 2, 3, and 4, which 
are taken from figures A23(ti), C58, and D22, respectively 
of reference 1. Because reference 1 gives hinge-moment 
characteristics for the Internally balanced aileron at 
only one angle of attack (a = 1.00°), curves for other 
angles of attack were estimated by aoplylng values 
(obtained from reference 2) for the change In hinge- 
moment coefficient with angle of attack. Stick-force 
characteristics were then estimated by the method 
described In reference 3 and the results plotted In 
figures 5 to 7. 

The stick force of the PrlSe aileron tested is very 
sensitive to changes In rigging, as shown In figure 5. 
This aileron can, between an angle of uprlg of 2° and €ui 
angle of downrlg of 2°, be either light or very heavy. 
It appears that. In general, within a range of angle 
of rig of 4°, Frlse ailerons may be heavy, light, or even 
overbalanced. 

The sealed Internally balanced aileron Is Insensi- 
tive to changes In rigging (fig. 6), except at large 
helljc angles corresponding to the nonlinear part of the 
hlnge-moment-coefflclent curve. At ^ = 0.10, for 

example, the stick-force varies about 10 pounds for a 
range of angle of rig of 4°. 
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For beveled-tralllng-edge ailerons, variation of 
stick force with angle of rig (fig. 7) is small compared 
with the variation for Frise ailerons. A 5-pound vari- 



mlght occur on an airplane having similar but more closely 
balanced ailerons. 

A comparison of the results In figures 5 to 7 with 
the basic hinge -moment-coefficient curves of figures 2 
to 4. Indicates that only ailerons having linear hinge- 
moment characteristics are unaffected by changes in 
rigging and that ailerons having decidedly nonlinear 
hinge -moment-coefficient curves, particularly for 
deflections near 0°, are very sensitive to changes in 
rigging. Only ailerons deflecting equally In both 
directions and linearly with stick deflection are con- 
sidered herein. Information on effects of changes In 
rigging with a differential linkage is given in refer- 
ences 4 and 5. 

When an aileron which Is sensitive to changes in 
rigging is used. It should be remembered that changes 
in angle of rig as high as 4° have been reported in 
flight 6.B a result of elastic deformation In the wing, 
aileron, or control system. Such deformations usually 
uprlg the ailerons because ailerons generally tend to 
float upward, particularly under the conditions of heavy 
loading that occ\ir during pull-outs. Prise ailerons, 
which become light when uprlgged, may therefore over- 
balance. Temperature changes may also affect the angle 
of rig If push rods having coefficients of thermal 
expansion different from that of the wing structure are 
used. These variations from design rigging that occur 
In flight may cause marked variations from the design 
stick-force characteristics when an aileron sensitive 
to changes in rigging is used. 



An analysis of the effects of changes in aileron 
rigging on the stick-force characteristics of a high- 
speed fighter airplane with ailerons having three types 
of balance indicated the following conclusions: 



ation does result, however, at 




CONCLUSIONS 
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1. a*he Frlse aileron was very sensitive to changes 
In rigging, the be veled-tralllng-edge aileron was rela- 

" tlvely Insensitive, and the sealed Internally balanced 
aileron was Insensitive except at large helix angles corre- 
sponding to the nonlinear part of the hinge -moment- 
coefficient curve. 

2. Only ailerons having decidedly nonlinear hlnge- 
moment-coeff Iclent curves, particularly at aileron deflec- 
tions near 0°, were sensitive to changes In rigging. 

5. Variations from design rigging that occur In 
flight aa a result of elastic deformation or possibly . 
from temperature effects in the structure may cause a 
marked variation from the design stick- force characteris- 
tics when an aileron sensitive to changes in rigging' Is 
used. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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Fig. 3 
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Fig. 4 
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